Introduction
Congenital heart defects (CHD) are one of the most frequent fetal malformations, accounting for 4/1,000 to 50/1,000 live births and around 30 per 1,000 in stillbirths [1] . The reported incidence of atrioventricular septal defect (AVSD) is 348:100.000 representing 17.4% of all cardiac congenital malformations [1] . The frequency of complete AVSD (CAVSD) is higher in fetal life, many parents opting for pregnancy termination, especially in aneuploid fetuses with extracardiac associated malformations [2] . The frequency is estimated at 1:2120 [3] .
During the last 10-15 years most cases of CAVSD were diagnosed during the second trimester of pregnancy, but nowadays the diagnosis became possible in the first trimester [4, 5] . In a series of 99 cases of CAVSD diagnosed in the second trimester in a tertiary center a large majority of cases (74.74%) were referred for abnormal fetal heart screening, the rest of them being rescanned in a tertiary center for suspicion of trisomy or a particular maternal or fetal condition [2] . A large study on 29,460 fetuses reported a rate of prenatal detection of CHD of 57% and CAVSD of 71% [6] . These patients with CAVSD were detected as follwing: 19% during the early scan (11) (12) (13) (14) , 48% during the mid-trimester scan (19) (20) (21) (22) (23) (24) , and 5% during late pregnancy [6] . The percentage of diagnostic for isolated CAVSD was of 67% and was almost 100% only when CAVSDs were associated with complex cardiac malformations [6] . Another major study, the Euroscan study, has reported a large variability of antenatal detection rate of cardiac malformation from country to country; overall the prenatal detection rate being of only 56% for isolated CAVSD [7] . A correct and complete prenatal diagnostic of CHD allows a better intrauterine and postnatal management of these children, and thus it will improve their long-term outcome [8] .
Embryologically, the CAVSD is determined by an interference with the normal development of the endocardial cushions that takes place between the 34 th and 36 th day of intrauterine life [9] . The endocardial cushions being involved in the formation of septum primum, atrioventricular annuli, atrioventricular valves (tricuspid and mitral valves) and the posterior part of the interven-tricular septum [9, 10] , an abnormal development of these structures can lead to a broad spectrum of anomalies: CAVSD, atrial septal defects (ASD) and VSD.
The main goal of this paper is to review the actual role of different ultrasound techniques in the prenatal diagnosis of CAVSD. The frequently association with cardiac and extracardiac anomalies that can pinpoint to specific genetic syndrome is also review at the end of the paper.
Anatomical details
Three different types of AVSD have been described, with specific anatomic and ultrasound features [11] (table  I) . The complete form is detected in 75 % of cases.
Moreover, based on the morphology of the anterior valve and its attachment by the papillary muscles to the interventricular septum and to the ventricular walls, Rastelii classifies the complete form into three types [12] . This classification has a good correlation with the postnatal prognostic and with the results of surgical repair [13] .
A comprehensive knowledge of the AV plan is essential in order to identify the different AVSD types, the main element being the plan of insertion of AV valves and the aspect of the pathological leaflets [14, 15] .
Normally in the fetal heart the mitral and tricuspid valves are not placed at the same level on the membranous part of the interventricular septum; the tricuspid valve being inserted more apically than the mitral valve [15] . This aspect of a differential insertion of atrioventricular valves (DIAAV) can be visualized during the ultrasound examination on so called "apical four chamber view" plan (fig 1a) , the visualization of "the cross of the heart" being an important landmark of normality [16] [17] [18] . In CAVSD the AV valve insertion is linear, important clue for the diagnostic, the atrioventricular valve being located in the same plan [19] . The aspect can be easier visualized during the ventricular systole when the AV valve is closed [19] .This particular insertion of AV valve modifies the atrial-to-ventricular length (AVL) ratio; AVL>0.6 is commonly seen in CAVSD [17] .
The normal fetal heart bears particularities of the AV valves insertion that might be responsible for the high rate of false positive and false negative results; the aspects can be different at different sectional levels [20] . Just beneath the aortic outflow tract (level 1) there is an evident difference in AV valve insertion, that diminishes near the diaphragm (level 2), and disappears just above the diaphragm (level 3) where the mitral and the tricuspid valve have a linear insertion [20] . In hearts with CAVSD at the 1 st and 3 rd level of the section the AV valvular insertion is linear, but sometimes at the 2 nd level the unique valve has a differential insertion in her left and right edge, thus having a "crux cordis" ultrasound appearance [20] . Moreover, some fetuses with trisomy 21 without any cardiac defect can have a linear insertion of AV valves. [19] . Therefore a linear insertion of AV valves or a modified AVL ration requires evaluation by a tertiary center [5] .
In fetuses with AVSD the aspect of AV plane bears a range of abnormalities in the complete form where there is only one AV valve with five leaflets with different shape and insertions. The diagnosis is much more difficult in incomplete forms where one or two AV valvular rings might exist with an atypical leaflets features [11] .
When to screen for a CAVSD?
Fetal heart structure can be evaluated with the latest ultrasound machines starting from the end of the first trimester using transvaginal or transabdominal approach [21, 22] .
During the first trimester scan the visualization of cardiac structures increase gradually from 43% at 11 weeks to 62% at 13+6 weeks, [23] . Color Doppler associated with 4D Spatio Temporal Image Corelation (STIC) can improve the identification of cardiac structures up to a percentage of 90% [24] [25] [26] . So, the detection of CAVSD is possible at the end of first trimester. A meta-analysis from 2013 that has included 14 studies that had evaluated fetal heart during the first trimester reported a detection rate of 42.9% for CAVSD [4] . The evaluation of the fetal heart is particularly important in the presence of other Table I . Anatomical classification of AVSD [Boussion] 
AVSD Types Characteristics
Partial two distinct valvular rings two atrioventricular orifices the atrioventricular (AV) valves are malformed. the most frequent situation is when the mitral valve has an aperture the ostium primum is absent with an atrial septal defect (ASD) Intermediary a single atrioventricular valve ring is present accompanied by an ostium primum type ASD and a small ventricular septal defect (VSD)
Complete a single AV ring, an ASD and a posterior VSD.
first trimester sonographic markers such as increased nuchal translucency, tricuspid regurgitation, abnormal ductus venosus blood flow and abnormal maternal serum markers [4] . However, due to the late growth of atrioventricular septum and late identification of mitral and tricuspid offset after 14 weeks [27] most of the CAVSD are diagnosed or confirmed between 18-24 weeks with the occasion of second trimester morphological screening ultrasound [22] . A tertiary center from UK reported an overall antenatal detection rate of CAVSD of only 29% between 1996 and 2001 [28] , while Euroscan in 2001 reported a 56% detection rate [7] . The overall detection rate of CHD was 57% in a large Norwegian study that has included 30 149 unselected fetuses that had been scanned at 18 weeks of gestation by four chamber view and sections of the great arteries of the heart; the CAVSD detection rate was 19% based on prior scan, 48% on routine scan and 5% in late scan leading to an overall antenatal 71% detection rate [6] . Interesting, the detection rate of CAVSD in aneuploid fetuses with associated malformation was 68%, comparable to the low risk population [6] .
Ultrasounds examination protocols
The detection rates depicted above had encouraged regulations regarding major cardiac defects screening and the use of complementary ultrasound techniques in order to increase the detection rate.
The International Society of Ultrasound in Obstetrics and Gynecology [16] published in 2013 guidelines for the prenatal screening of cardiac heart disease (CHD) providing the methodology for fetal cardiac ultrasound scan. However, the diagnostic needs a sequential approach, the classical 2D examination representing the cornerstone and being mandatory [16] . The guide encourages, for screening purposes, the use of B mode with the evaluation of four chamber view and three vessels view; the CAVSD being potentially detected on four chamber view when an abnormal atrioventricular junction can be found with and absent cardiac crux.
The 2D ultrasound is the initial step while screening for a CHD. In the case of a CAVSD three characteristic features are found concomitant on this section: absent septum primum (ASD), abnormal atrioventricular valve and intraventricular defects [11, 15] . First plan of scan is the apical 4 chamber view, which is the best incidence for the evaluation of the atrioventricular plane, ventricular and interatrial septal defect [29] .
In the case of a CAVSD the part of the interatrial septum closest to the AV valve is absent -ASD due to the absence of the septum primum, which gives the impression of a common atrium [11, 15, 22] . Also there is a common atrioventricular valve due to the abnormal formation of the atrioventricular valves, which usually has 5 leaflets. The aspect of a common valve can be better evaluated during diastole, when the valves are open [11] ( fig 1b) . The characteristics of the leaflets and their attachment to the papillary muscles need to be evaluated next, and therefore the Rastelli type can be defined. The B mode techniques do not always allow to define the Rastelli type, because of the difficulty in obtaining the coronal plane of the valves [11] .
Moreover, using the same apical 4 chamber view the AV plane appears linear and it bulges towards the ventricles during the systole. The normal aspect of the atrioventricular plane, with a differential insertion of the AV valves, the so called "crux cordis", is absent. This aspect is generally the first ultrasound marker identified in a CAVSD and it gives the typical image of linear insertion of the AV valves (LIAVV) (fig 1c) . The LIAVV was found in 69% of normal hearts of fetuses with trisomy 21 [17] . This may represent a particularity of trisomic hearts, and can also be used as an ultrasound marker for Down syndrome. For some authors it represents a minor form of AVSD continuum [19] .
There is always a variable deficiency of the interventricular septum inlet in its posterior part. This interventricular septal defect is in contact with the common atrioventricular valve, and therefore might be sometimes difficult to identify [11, 15, 22] . In these situations, the modification of the angle of insonation with the examination in transverse view or in the long axis of the left ventricle, the use of color Doppler and 4D STIC may be useful [30] .
The aspect of the ventricles is important for the prognosis. When the ventricles are equal in size, the CAVSD is known as a "balanced form" which is more frequently encountered in fetuses with Down syndrome. The form when the ventricles dimensions are different is known as the "unbalanced form" of CAVSD, being usually detected in euploid fetuses with cardiac isomerism [31] . An postnatal objective measurement of the ventricular disproportion is the atrioventricular valve index (AVVI) calculated as the ratio between left atrioventricular valve area/total atrioventricular valve area expressed in centimeters squared [32, 33] . The form is considered unbalanced if the 0.4<AVVI<0.6, right dominant (AVVI≤0.4) or left dominant (AVVI≥0.6) [33] . The index can be used postnatally for the selection of the surgical procedure. Theoretically, the AVVI can be easily measured, even antenatal, using the apical four-chamber view, but no antenatal reports have been found yet to our knowledge.
Due to the apical displacement of the common valve in AVSD, the left atrium is elongated and left ventricle is shortened [17, 18] . This anatomical feature was used by Machalitt et al, in 2004 to calculate the atrial-to-ventricular length (AVL) ratio [17] . This marker was analyzed in a study that included 123 normal pregnancies and 29 CAVSD pregnancies. The authors concluded that in normal pregnancies AVL ratio was constant during pregnancy (0.47%), but it was significantly increased (mean 0.77%) in AVSD pregnancies [17] . Therefore the calculation of AVL ratio is a useful tool that might optimize the detection of the CAVSD [17] .
The ultrasound evaluation of these fetal hearts must also include the evaluation of the ventricular-arterial concordance and the crossing of the great arteries [16] , most frequently normal. The association of CAVSD and Fallot tetralogy or double outlet right ventricle (DORV) has been reported especially related to trisomy 21 [34] .
Doppler ultrasound is valuable tool for the diagnosis of CAVSD. In color flow mode (CFM) in four chamber apical view the filling of ventricles is displayed with a common flux of blood towards the ventricles that separates over the ventricular septal defect, with a "Y" shape (fig 2a) . The image was compared with the wings of a butterfly "image en aire de papillon" [11] . Frequently, the common AV valve is insufficient, therefore in CFM mode a central regurgitation can be visualized during the ventricular systole (fig 2b) which can be quantified in Pulsed-Wave (PW) Doppler mode. The amplitude of the regurgitation has an important predictive value for the postnatal evolution of the new-born [10, 13] . CFM mode is also useful in the confirmation of ASD and VSD [36] . Even if the use of Doppler in the first trimester is controversial due to the lack of studies [37] CFM mode at the end of the first trimester allows a better characterization of the four chamber and of the crossing of the great arteries [38] .
The 3D-4D ultrasound is a useful tool for the diagnostic of AVSD due to its capability of reconstructing multiples planes [39] . These new technologies may improve the diagnostic proficiencies regarding the exact form and the association with others CHD [26, 39, 40] . The AV plane can be directly visualized and the morphology of the AV valves or of the unique valve can be assessed.
Practical tricks for 3/4D techniques
The acquisition of the volume can be made in four chamber apical view or in transverse view. The apical view is preferable because the AV plane is examined in a direct axial resolution, which is better than a reconstructed one. However, due to the improvements of ultrasound machines, also a transverse acquisition may give good results. The acquisition is made on STIC mode, with a minimum sweep angle and a high frame rate. The following step is the adjustment of the direction of view at 0 (or 90 degrees), and the selection of the volume set to be analyzed. The render box is resized for the region of interest (ROI) that are the AV valves with the reference dot at the level of the crux of the heart (fig 3) . Then the morphology of the AV valves and the papillary muscles are examined Fig 3. 3D examination of the atrio-ventricular plane in a normal heart with the render box resized for the region of interest (ROI) of AV valves with the reference dot at the level of the crux of the heart portant clue is the distinction between the balanced and unbalanced form: the "balanced form" is usually associated with trisomy 21 [43] with or without Fallot tetralogy while the "unbalanced form" is present in euploid fetuses or in cases with cardiac isomerism [11, 44] . If an isomerism is present (25-50%), more frequently left isomerism, the fetuses are euploid and other cardiac and extracardiac anomalies are expected [45] [46] [47] . In case of right isomerism usually an anomaly of the arterial and venous connection is present (double outlet right ventricle, anterior aorta, total anomalous pulmonary venous return [47] .The concomitant detection of a CAVSD with a Fallot tetralogy is highly evocative for trisomy 21 [46, 48] .
Several cardiac anomalies have been reported in relation to CAVSD: conotruncal anomalies in 30% of cases [46] , aortic stenosis, hypoplasia or coarctation and aortic arch interruption. The aortic coarctation has been described in relation with partial AVSD [47] .
Extracardiac anomalies were detected in a third of cases of CAVSD usually in syndromic association [11, 47] . CHARGE syndrome has a dominant transmission having in 75% a cardiac malformation that is more frequently either of a Fallot tetralogy, either a CAVSD [49] . Noonan syndrome is considered as the second most frequent, when a cardiac malformation is detected, and has also a dominant transmission [50] . The spectrum of cardiac malformations in Noonan syndrome is represented classically by pulmonary stenosis, with or without dysplastic pulmonary valve and hypertrophic cardiomyopathy; CAVSD coming on the second place as frequency, being reported in 13.8% of cases [50] . Holt Oram syndrome is characterized by the concomitant presence of heart and limb anomalies, the cardiac malformation could be either ASD, VSD or CAV [51, 52] . VACTERL association has also been reported in the presence of a CAVSD [31] .
The partial forms of AVSD are less frequently associated with chromosomal anomalies [47] . The association of partial AVSD with a unique atrium is highly evocative for Ellis-van Creveld syndrome [53] , while the presence of a left obstruction is characteristic for Noonan syndrome. In the case of Ellis-van Creveld syndrome the heart defect is present in 50-60% of cases, the most common anomaly being common atrium, but a characteristic pattern of atrioventricular canal defects in theses fetuses is the association with systemic and pulmonary venous abnormalities [53] .
When the diagnostic of isolated CAVSD has been made, this is associated with trisomy 21 in 58% of cases [31, 54] . Several trisomies beside Down syndrome and chromosomal deletions or mutations have been reported especially in the presence of CAVSD: trisomy 18, trisomy 13, microdeletion 22q11, del 8p21-p23, 46XY, t(1;10)(p21p12) [47] . We have detected using noninva-(with the render bar in the ventricles) from the apical direction. The reconstruction is made on coronal view [39] .
Omniview and TUI (tomographic ultrasound imaging) in a transverse view can also be used with the render view direction from the atrial chamber (fig 4, fig 5) [ 37, 40] . After the reconstruction, the analysis at slow speed allows the identification of anatomical structures and their movement during the cardiac cycle.
3D allows a better assessment of the morphology of the leaflets and of the papillary muscles, which are difficult to achieve in 2D sections [37, [39] [40] [41] . Today the 3D/4D and Doppler ultrasound techniques have improved the diagnostic capabilities [42] .
Pathologic associations
Once a CAVSD is diagnosed one should look for further cardiac and extracardiac malformations, because the anomaly is isolated in only 50% of cases. A very im- Therefore in case of a suspected CAVSD a complete morphological scan has to be performed. An amniocentesis with a full karyotype preferably with array comparative genomic hybridization is also mandatory.
Prognosis
The main prognostic factor for the fetus is represented by the presence of cardiac, extracardiac and genetic anomalies. The intrinsic prognosis of CAVSD is related to specific ultrasound characteristics: the type of CAVSD, the symmetry of the ventricles, the dimensions of the valvular defect and the amplitude of the AV transvalvular regurgitation [11, 13] . The most frequent form of CAVSD are of Rastelli type C, and they are more frequently associated with extracardiac malformations [55] . The largeness of the atrioventricular defect is critical; with a larger defect more likely a rapid installation of pulmonary hypertension can be foresaw with a poor outcome. Also the detection of an in utero transvalvular regurgitation has a negative impact upon the prognosis: it can anticipate a rapid installation of cardiac failure, it can be a contraindication for pulmonary cerclage or it can lead to a mitral reflux after corrective surgery. The balanced form has a better intrinsic prognosis but the association with Down syndrome aggravates the outcome: more than 50% of the couples asked for termination of pregnancy [45, 47] . Last but not least, the complete form has a more unfavorable outcome than the incomplete form [11] .
If an isolated CAVSD has been diagnosed, the frequency of Down syndrome and others aneuploidies is increased.
In the absence of the surgical treatment half of the infants will die until the age of six months [34] , the major causes of death being the cardiac failure and pneumonia. The surgical procedures are usually performed around the age of 6 month with good results [10, 13] .
The detection of cardiac or extracardiac anomalies, especially in case of a syndrome, malformation sequences or chromosomal anomalies has to be assessed by a pluridisciplinary team (obstetrician, pediatric cardiologist, pediatric heart surgeon, and genetic specialist) with realistic data regarding survival rate and surgical corrections for a correct prenatal counseling. [31] .
Conclusions
The diagnostic of CHD is still not perfect. It can be diagnosed starting from the first trimester, but it is usually identified during the mid-trimester scan. The diagnostic of CAVSD needs an experimented operator with skills and experience. 3D ultrasound, STIC and Doppler techniques may improve our ability in diagnosing CAVSD especially when it is isolated. These techniques permit a complementary evaluation of the AV plane and may help in the exact identification of the anomaly. Also, a complete morphologic and genetic evaluation of the fetus will allow a better management of these pregnancies.
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